O fungo Microcyclus ulei é o agente causador da doença do mal das folhas em seringueira, sendo esta doença umas das mais importantes nesta cultura, visto a intensa desfolha que causa nas plantas. Varias raças deste patógeno foram descritas no Brasil, baseada em uma série de diferentes clones diferenciadores. Fundamentado nas reações de 11 clones diferenciadores já conhecidos na literatura (MDF 180, FX 3844, FX 985, FX 4098, FX 2261, FX 2804 Palavras-chave: Seringueira, mal da folha, clone diferenciadores, técnica de análise multivariada.
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The rubber tree has its origin in the Amazon region; however, this species shows good plasticity and high adaptability to the most changeable environments (9). It was introduced to Oriental countries (Sri Lanka, Singapore and Malaysia), where the climate is very similar to that in its country of origin, and has presented good development, reaching greater productivity levels, since the pathogen of leaf blight is absent. Currently, more than 90% global rubber production originates in these countries (10, 6) .
In Brazil, the biggest obstacle to the expansion of rubber tree plantation is the high incidence rate of leaf blight (Microcyclus ulei). This disease affects young leaves of rubber trees, causing premature fall and debilitating the plant after successive attacks of this disease (13, 7) .
Strategies to address this problem include obtaining and planting productive cultivars that are resistant to the pathogen, and/or planting in regions where the climate conditions limit or reduce the development of M. ulei, i.e. escape regions like the Highlands of São Paulo. Due to the high adaptation capacity of the fungus, symptoms of this disease have already been reported in clonal gardens and greenhouses (6, 19) .
When the pathogen interacts with a plant, injuries are expected to appear, initiating the infection cycle (1). Resistance is associated with lesion size, reduced sporulation and fungal latent period on the leaves (3). Sporulation is also considered a sensitive test for differentiating the pathogen race (6, 19, 20) .
There are two types of resistance: vertical resistance (monogenic) -which is expressed against some races of the pathogen and is qualitative since it is present or absent, with very few exceptions; and horizontal resistance (polygenic) -which is uniformly efficient against all races of the pathogen and is quantitative in inheritance and effects, which can manifest between a minimum and a maximum degree (1, 20, 23, 21) .
However, physiological specializations and adaptations were found for different populations of the pathogen that were tested in both susceptible and resistant clones. Several authors reported virulence of isolates through the pathogen-host interaction, leading to a hypersensitivity reaction until death, which shows the adaptation power of the pathogen and makes more complicated to obtain clones with durable resistance (17, 22) .
Several authors expressed concern about the reactions of clones to different pathogen inocula (20) . Lanford (14) began to distinguishing the aggressiveness of a new race of M. ulei attacking resistant clones such as F 409 and F 1619, and progenies of clone F 4542. Langdon (15) verified that isolates from Costa Rica were more aggressive than isolates from Guatemala since the former attacked and sporulated in germplasm of F 4542 clones, being named race 2, while isolates from Guatemala were named race 1. Miller (18) described two new races of M. ulei through different rubber tree clones: races 3 and 4, isolates from Guatemala and Costa Rica, which did not attack progenies from Madre de Dios but attacked F 4542.
Gonçalves (8) evaluated the resistance of rubber tree clones in the field in five different regions to determine the progenies with higher resistance to leaf blight. Brasil Sudhevea (2) described two new races of M. ulei, 4b and 4c, and divided them into parental groups as regards the disease attack on H. brasiliensis and H. benthamiana hybrids. Chee et al. (4) used disks of sick leaves to identify more three new races and determined that races 4b and 4c should be denominated races 5 and 6, indicating the existence of 5 pathogenic races and one race that has not been pathogenic so far.
Junqueira et al. (12) worked with 16 isolates of M. ulei from Brazil, using 33 clones of rubber tree as differential clones, and suggested 15 new pathogen races, besides the wild avirulent race. They found five races attacking F 4542 but not sporulating in Fx 985 and 180 MDF (Group I); another group attacked and sporulated in most progenies of H. brasiliensis (Group II). A third group was proposed, which sporulated in most progenies of F 4542 and in some progenies of H. brasiliensis; this third group was added to that proposed by Brasil Sudhevea (2), as it attacked hybrids of H. brasiliensis and H. benthamiana (Group III), but groups were not completed for all existing races. The authors concluded that the isolates showed great physiological variability and virulence varied with the used clone, but a few isolates behaved similarly to races 1, 2, 3 and 4 proposed by Miller (18) .
Mattos et al. (17) used 50 isolates from the pathogen obtained at the southeast of Bahia State and tested them in 12 differential clones of rubber tree, obtaining 36 races of M. ulei. Of these 36 virulence patterns, 21 showed virulence in more than nine of the 12 tested clones, but none attacked isolates and sporulated in all tested clones. Those researchers used three species among the tested clones of rubber tree with H. brasiliensis, H. benthamiana and H. pauciflora to differentiate races, adapting and employing the scale of grades proposed by Junqueira et al. (12) .
Several races of M. ulei have been described in Brazil based on a number of different clones of rubber tree. However, to the present moment, the number of races present on Brazil is unknown.
Thus, this paper aimed to perform inoculation tests under controlled environments in monocyclic studies, comparing them to the reactions reported by Chee et al. (4), Junqueira et al. (12) and Mattos et al. (17) , and to propose a minimal quantity of races, the race group and the base races of differential clones of M. ulei existing in Brazil.
MATERIAL AND METHODS
Data were collected from Umuarama Farm, in the region of Registro City -São Paulo State, at an average altitude of 52 m, latitude 24°24'S and longitude 47°48'W, where average annual precipitation is 1627 mm and average temperature is 22°C. Rubber trees were permanently planted in monoclonal blocks, scattered all over the property.
According to the method of Junqueira et al. (12) , fungal isolates stemmed from coriaceous lesions on PDA in test tubes. Small colonies were obtained and macerated on the edge of the tube with a glass rod by adding 5 mL sterile distilled water. The product of the steeping was placed in Erlenmeyer flasks, each of which contained 20 mL culture medium called M4 (12) O, 1 mL chloramphenicol 15% and distilled water to 1 liter volume; the inocula were spread on the agar surface and incubated at 24°C ± 1°C in the dark. After 15 days, 12/12 h photoperiod was initiated for 2-3 days for inoculum preparation. After this time, 10 mL sterile distilled water was added to each Erlenmeyer flask and colonies were prepared by scraping with a sterile brush.
Inoculations were performed by spraying the abbatial surface of 6-8-day-old leaflets, corresponding to stages B1 and B2 described by Hallé et al. (11) , with a conidial suspension obtained from six cultures of the fungus originated from Vale do Ribeira. Concentration varied with the age of the culture (2x10 5 for 10-12-day-old cultures; 3x10 5 for 12-16-day-old cultures, and 5x10 5 for older cultures) maintained in M4 medium; each isolate was inoculated at least three times until the emergence of leaves.
The rubber tree cultivars used as differential clones in this study were MDF 180, Fx 3844, Fx 985, Fx 4098, Fx 2261, Fx 2804, Fx 3899, IAN 6158, IAN 3087 and IAN 717 grafted onto genetically heterogeneous rootstock grown in plastic bags containing 10 kg substrate, 30% tanned manure and 70% soil. Seedlings in the third leaf emergence were kept in a greenhouse belonging to the former «Centro Nacional de Pesquisa de Seringueira e Dendê», currently «Núcleos de Table 1 . Classification of lesions (adapted grade) according to spore number, lesion type and size, and scale of grades (12) . Apoio à Pesquisa e Transferência de Tecnologias» (NAPT), Eastern Amazon Embrapa. Following inoculation, plants were exposed to a humid chamber (97% RH) at 24°C for 12 hours light at 2000 lux and 12 hours dark. After this period, plants were removed from the moist chamber and kept for eight days in a growth chamber at 24°C and relative humidity ranging from 80 to 85%; then, they were finally transferred to a greenhouse at 26-30°C and 78-83% humidity. Evaluations were performed by determining the latent period: days from inoculation to the onset of 50% spores (21) .
After fifteen days of inoculation, the number of injuries was counted for every 8 cm² leaf surface, and the average diameter of lesions and the sporulation intensity were evaluated. Lesions were classified based on a scale of grades and each reaction type - Table 1 (12). Junqueira et al. (12) Figure 1 ). In the present study, isolates were obtained from Vale do Ribeira, Registro City -São Paulo State (letter A in Figure 1) .
First, the scale of grades used by Junqueira et al. (12) was adapted to a binary scale (zero and one), as shown in Table 1 . The following codification was used: zero for resistant reactions (without sporulation) and one for susceptible reactions (with sporulation). Wild isolates without signs of virulence were then removed (HM1_NTVJ_1, 1_ CHEE and 5_CHEE) for the use of Jaccard's method. Cluster analysis was done based on the centroid method. Statistical procedures were conducted by using PROC DISTANCE, TREE and CLUSTER in SAS (Statistical Analysis System, version 9.2).
Reactions of the 11 differential clones described above belonging to the species Hevea brasiliensis, Hevea benthamiana and Hevea pauciflora were compared. Analysis of binary group data referring to the pathogen virulence was carried out according to Jaccard's method (5), as a sensitive test for the differentiation of pathogen races 3, 6, 19.
RESULTS
Six M. ulei isolates were obtained from the farm Umuarama for stemming analysis; they were named MU_01, MU_02, MU_03, MU_04, MU_05 and MU_06. The type of reaction was classified based on the caused injury, as shown in Table 2 . Jaccard's index of similarity has been used to group the studied ecological species (5). In this study, this technique was used to group isolated races of M. ulei with specific differential clones of rubber tree base.
Grouping could only be performed after substituting the nominal scale of grades used by the cited authors and proposed by Junqueira et al. (12) for the ordinal scale (binary) - Table 1 . Those authors also worked over different times with the same differential clones of rubber tree base as the ones used in this study (Table 2) , keeping a basis for differential races of M. ulei (Table 3) .
After analyzing the data from this study and the results of the cited papers, comparisons between the used differential clones could be made inoculation tests under controlled environment in monocyclic studies and currently by analyzing the data in this paper. The second one was tested 10 years before with the same differential clones (12 Analyzing M. ulei isolates from Vale do Ribeira proposed in this paper (Figure 2 and Table 3 ), three races of M. ulei can be clearly identified occurring only in this region, which means that races 10, 19 and 48 are considered new adapted races arising at Vale do Ribeira. According to the dendrogram of races (Figure 2 ), race 53, the isolate MU_04, comes from Vale do Ribeira, while the isolate reported by Junqueira et al. (12) comes from the region of Una, Bahia State. Therefore, it is not clear whether the isolate of race 53 came by means of atmospheric winds or by plant contamination by the fungus that came to this region.
Most clones are known to behave differently according to the environment where they are cultivated, showing low genetic homeostasis (Nascimento, 1983 apud Macedo et al. (16) At Vale do Ribeira, homogeneity is greater when the races of most resistant cultivars arising in this region are compared, since when one cultivar is resistant to two races it is susceptible to another one. For example, Fx 3844 and IAN 6158 are resistant to races 10 and 48 but susceptible to race 19; Fx 3899, IAN 3087 and IAN 717 are resistant to races 10 and 19 but susceptible to race 48; it shows high adaptation and resistance break of emerging new races.
As shown in Table 4 , possible differential clones of M. ulei isolates were grouped into races according to cluster analysis. The separation of races (Figure 2 and Table 4) proposed by Miller (18) and continued by Chee et al. (4) becomes compromised, as observed by Junqueira et al. (12) . All isolates that attacked and sporulated in clone Fx 2261 and did not sporulate in clone Fx 2804 but were virulent for clone Fx 3899 had the F 4542 gene.
As the data of studies complement themselves (Table 4) , the race separation system proposed by Miller (18) and Chee et al. (4) becomes compromised, not only showing the very high variability of the pathogen but also the great adaptability to the clones said to be resistant and utilized to differentiate the races in the first studies.
Therefore, according to Figure 2 .
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DISCUSSION
Several M. ulei races were described in Brazil based on a series of differential clones, but the number of races present in Brazil is still unknown.
After reviewing the obtained dendrogram (Figure 2 ), 52 races of the fungus could be classified, which, added to the wild avirulent isolates reported by Chee et al. (4) and by Junqueira et al. (12) , leads to 53 present races.
In fact, isolates MU_05 and REG_NTVJ_8 correspond to the same races (number 28 - Figure 2) In this study, the cut of 0.7 (usual in cluster analysis) was proposed for the scale of distance between centroids (standard in cluster analysis) of the facts analyzed from the 53 races to define new groups. Similarly, 13 groups of M. ulei physiological races were obtained.
New groups were proposed, followed by their respective races within parentheses. Table 4 with Figure 3 and their groups indicated that group 1 has clones with little resistance, to at most 33%, and high susceptibility, over 61%, reaching a maximum at 76% (MDF 180), followed by 75% (IAN 3087) and 65% (IAN 717, Fx 4098 and Fx 2261).
Group 2 has resistance higher than 34%, reaching a maximum of 54% resistance (clone Fx 985) and susceptibility below 52%, clone PA 31 was the unique hybrid of the species H. pauciflora. This was the species of group 2 which had the lowest resistance, 34%, and susceptibility of 40%, but there is still a margin testing, because this group has the highest percentage of non-tested isolates, reaching 26%. Clone Fx 3844, staying right in the center of the dendrogram, was not tested too much, with 64%, as it was not used by Mattos et al. (17) . Therefore, by using H. brasiliensis, H. benthamiana bases and H. pauciflora, all isolates can be tested, keeping or even raising the number of species existing in Brazil, in addition to standardizing future studies and comparing them to existing ones.
The present study and the studies developed by Chee et al. (4), Junqueira et al. (12) and Mattos et al. (17) for the analysis of M. ulei variability showed high adaptability and great diversity of the fungus. Publications have indicated race variability, and for tests not performed due to lack of differential clones in common, a minimum quantity of 53 races of Microcyclus ulei exists in Brazil.
